p38α MAPK inhibits stretch-induced JNK activation in cardiac myocytes through MKP-1.
Mechanical stretch is a major determinant that leads to heart failure, which is associated with a steady increase in myocardial angiotensinogen (Aogen) expression and formation of the biological peptide angiotensin II (Ang II). c-jun NH2-terminal kinase (JNK) and p38α have been found to have opposing roles on stretch-induced Aogen gene expression in neonatal rat ventricular myocytes (NRVM). JNK negatively regulated Aogen expression in NRVM following acute stretch, whereas with prolonged stretch, JNK phosphorylation was downregulated and p38α was found responsible for upregulation of Aogen expression. However, the mechanisms responsible for regulation of these kinases, especially the cross-talk between p38 and JNK1/2, remain to be determined. In this study, a combination of pharmacologic and molecular approaches (adenovirus-mediated gene transfer) were used to examine the mechanisms by which p38 regulates JNK phosphorylation in NRVM under stretch and non-stretch conditions. Pharmacologic inhibition of p38 significantly increased JNK phosphorylation in NRVM at 15 min, whereas overexpression of wild-type p38α significantly decreased JNK phosphorylation. While p38α overexpression prevented stretch-induced JNK phosphorylation, pharmacologic p38 inhibition abolished the JNK dephosphorylation during 15-60 min of stretch. Expression of constitutively-active MKK3 (MKK3CA), the upstream activator of p38, abolished JNK phosphorylation in both basal and stretched NRVM. Pharmacologic inhibition of MAP kinase phosphatase-1 (MKP-1) or protein phosphatase-1 (PP1) increased JNK phosphorylation in NRVM, suggesting the involvement of these phosphatases on reversing stretch-induced JNK activation. Inhibition of MKP-1, but not PP1, reduced JNK phosphorylation in NRVM overexpressing MKK3CA under basal conditions (no-stretch). Inhibition of MKP-1 also enhanced stretch-induced JNK phosphorylation in NRVM at 15 to 60 min. In summary, these results indicate that MKP-1 inhibits JNK phosphorylation in stretched NRVM through p38 dependent and independent mechanisms, whereas PP1 regulates JNK through a p38-independent mechanism.